Agent-oriented techniques offer a new approach aimed at supporting the whole software development process. All the phases in the software development process are treated with a single uniform concept, namely that of agents, and a system modelled by a collection of agents is called a multi-agent system.
Introduction
Agent-oriented techniques (AOT) offer a new approach aimed at supporting the whole software development process. In particular, they enable analysis, design, and implementation of large and complex systems by providing abstraction levels that make it simpler and more natural to deal with the scale and complexity of problems in these systems. The goal of AOT is to handle all phases with a single, uniform concept, namely that of agents. Systems modelled by a collection of agents are called multi-agent systems (MAS).
We view agent-oriented techniques as a further development of techniques in distributed systems and object-oriented systems.
S AOT can lean upon techniques provided by distributed systems (like sharing resources and synchronization), but they complement these techniques by making subsystems 2 more autonomous and enabling them to actively coordinate their activities instead of being coordinated by design.
S AOT extend object-oriented techniques in that (i) the analysis, design and realization of complex systems are performed on a higher level of abstraction, and (ii) agents are active, concurrent objects embedded in sort of a "society". Furthermore agents can be considered as a specialization of objects in that messages exchanged among agents are characterized by message types that have data/content independent semantics. As part of this specialization, some go further than this and distinguish agents from objects by making a commitment to structuring internal states of an object in terms of some abstract mental notions such as beliefs, goals, and intentions, and subsequently defining an agent's behaviour in terms of the interplay of these attitudes [1] .
From a technical point of view, there are four ingredients considered as making agents distinct from objects in object-oriented systems and subsystems in distributed systems, namely internal/mental states, message types in communication, protocols for coordination, and roles within organizations. Although currently not all these features are commonly agreed to be the distinguishing features of agents, we believe that for a full-fledged agent-oriented technology and the problems promised to be solved by this technology, the present rather diverse approaches to agent systems will evolve and converge to a unified direction that in one way or another will include all these features.
As for internal states, we follow an operational approach which relates the internal states of an agent to its intentionality, especially to the triple beliefs, desires, and intentions (BDI). This model is known as a BDI agent architecture [2] which constitutes the backbone of our work in AOT. This architecture will be briefly described in section 3, which also provides the arguments for our commitment to this model. A feature that is more commonly accepted as the factor distinguishing agents from objects or any other program is that agents exchange messages characterized by message types.
Message types have a data/content independent semantics and thus facilitate general interpretation of messages. In our work we have defined a set of message types that have proved to be useful principal performatives for the type of communication that could take place among agents (in contrast to communication among other type of programs). These message types can be further specialized for the requirement of applications, in order to further 3 facilitate message interpretation. The underlying theory and the formal semantics of these message types have been studied in [3] .
As was mentioned above, the third distinguishing feature in agent systems is protocols for coordination. For this purpose we have devised a methodology to represent and execute cooperation protocols 1 . The preliminary work on cooperation protocols has been reported in [4] . Cooperation protocols can be used by designers for managing dialogues among agents, by specifying the possible courses of dialogue with respect to a particular context.
With BDI agents they can be directly executed and used by agents as a guideline indicating what to communicate and what type of replies to expect in a given state. The protocols developed for our applications make use of the set of message types mentioned earlier. These protocols are sufficiently generic such that they can also be used for specification of dialogues among heterogeneous agents, that is, agents with different internal structures, and they are configurable so that they can be specialized to the requirements of applications.
Still under research is the impact of roles agents have in organizations which we find as an important topic of study in AOT for modelling large systems.
We foresee a rather broad potential for AOT and MAS: Agents might be considered at a conceptual, descriptive, or an operational level. AOT can be used for the analysis and design of complex systems, for simulation and planning purposes, for enhancing the autonomy of single systems components and for realizing new systems solutions. AOT are expected to have significant impact in problem domains where the problem is functionally or geographically distributed, where the subsystems exist in a dynamic environment, and where the subsystems have to interact more flexibly. To emphasize once more, the benefits one gains from AOT are (i) reduction of complexity in systems design due to the concise and natural modelling of the problem domain, and (ii) enhanced robustness and adaptivity due to self-organization of the subsystems.
The domain of traffic and transportation is geographically and functionally distributed, subsystems have a high degree of autonomy, and typically we have to deal with settings with variety of dynamics. Due to these very charactersitics, many applications in this domain can be adequately modelled as multi-agent systems. As a result of this modelling we could also 4 meet the growing interest in making traffic and transportation more efficient, resource-saving and ecological.
Especially to profit from advances in information technology various national and international programs have been established. Daimler-Benz Research is undertaking various research projects to explore the possibilities and advantages of MAS approach in improving the existing systems as well as developing challenging new applications. To provide an overview, next section will outline some of the potential areas in the traffic and transportation domain where we perceive the benefits of applying AOT is quite promising. To demonstrate the ideas, sections 4 and 5 will respectively describe in some detail two applications currently under development at Daimler-Benz Research 2 : (i) an agent-oriented microscopic traffic simulation and (ii) a simulation and evaluation tool for organizations of car pooling stations.
To understand the modelling of these applications, section 3 will provide a brief overview of BDI agent architectures. Finally, this article will conclude with a summary and outlook in section 6.
Potential of Multi-Agent Systems in Traffic and Transportation
As was mentioned in the previous section, many areas in the traffic domain exhibit the very characteristics for which AOT have been developed and aimed at: traffic is geographically and functionally distributed, subsystems have a high degree of autonomy, and typically traffic applications are highly dynamic. The remainder of this section presents an overview of the potential (and the existing) applications of AOT in traffic management, traffic guidance and control, and capacity and resource management.
Traffic Management
Traffic management is largely the process of planning, implementation, testing and administration of traffic in order to optimize assignment of traffic supplies to traffic demands under economic and environmental features. Of increasing importance in traffic management is the integration and interconnection of different traffic means (i.e., intermodal traffic systems) and their infrastructure.
2. This activity is part of a joint research effort between the MAS group of the Knowledge-Based Systems and the Traffic Research departments.
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There are a number of national, European and international projects aimed at applying state of the art information technology to govern traffic systems. The majority of these projects are specifically targeted at road traffic (e.g., PROMETHEUS, DRIVE and ITS). Dynamic park and ride information, travel information and reservation system, driver routing guide system, inter-connections information system, fleet management, and emergency system are some of the examples of integrated traffic management systems studied in these projects.
Taking these examples as reference, the following briefly describes some of the areas where AOT can have a great potential impact:
S Analysis and description of traffic systems To manage the scale and the complexity of traffic information, AOT approaches can be used to structure and appropriately combine the information into a comprehensible from.
AOT provide the necessary tools for analysis, modelling and design of the whole traffic system in terms of its subsystems each with its own set of local tasks and capabilities.
Integration can then be achieved by modelling the interactions among the subsystems.
S Increasing the autonomy of individual traffic components:
Currently most of the traffic centers provide suggestions and information unique to their site and/or specific domain. Though some of these centers are inter-connected, in most cases the subsystems play a rather passive role. Using AOT each subsystem can be modelled as an agent with a sufficient degree of autonomy that would enable the subsystem to have an active control on its decisions and activities. By devising appropriate interactions among the agents, the subsystems can cooperate with one another in order to increase their performance (e.g., better quality information, multi-modal routing and connections information, etc.), and coordinate their activities in order to collaboratively adapt to the dynamics of traffic demands (e.g., providing extra vehicles or dynamically increasing train frequencies).
S Integration framework for the existing and future systems:
An example of this is a system that is linked to an Emergency Rescue Management center. Upon occurrence of accidents related to flammable fluids and chemicals, on the site, the system can transmit information on the content being transported to a decision support system which computes a prognosis and makes appropriate suggestions. Such a system could work with agent systems which combine the data on pollution concentration 6 and composition, pollution spread and development, and the meteorological data, to provide appropriate guidelines.
Traffic Guidance and Control
Independent of the particular medium of transport (road, rail, air, etc.) one could differentiate between the interaction (i) among various means of transport, (ii) among various components in different traffic infrastructures (e.g. traffic lights in road traffic, airports in air traffic), and (iii) between the means of transport and components in the traffic infrastructure. In almost all traffic forms, information and communication techniques are predominantly applied to the second type of interactions (i.e., to the components of traffic infrastructure). In their interaction with these components (the third type), the means of transport play rather a passive role in that the instructions come from a central traffic guidance system. With respect to the first type, even if there is any interaction between various means of transport, this interaction is mainly data exchange, there is no active coordination of activities among the means of transport. Agent-oriented approaches may improve existing road, air, and rail traffic guidance and control systems by increasing the autonomy of single systems and enhancing their interaction capabilities.
Road Traffic
Many system components used in road traffic guidance (e.g., changing traffic signs for the surveillance and control of traffic flow on highways, mobile and stationary meters; and traffic jam, fog, and speed warnings) can be made more autonomous and consequently more adaptive, if modelled as agents.
Particularly unsatisfactory is the degree of robustness and flexibility of the existing systems, which is basically due to the fact that the number of possible states the network may be in is immensely large and therefore it makes little sense to specify central operation plans. Occurrence of new events lead to consequences that would rapidly change the whole state of the network and as a result the central traffic regulating plans never execute into completion.
Currently off-line decision-support systems are used to deal with this problem.
Using MAS techniques would lead to a greater flexibility and robustness. The knowledge about the uptodate traffic flow and general data (such as building sites, the road network etc.) can be captured locally by regional/zone agents who control the traffic performance of each region/zone. If an event may have consequences for the areas under the control of the neighboring zones, the corresponding agents can be informed so that they collaboratively adjust and coordinate their plan accordingly. Such a system has the advantage that the regional changes and interferences are considered at regional level and dealt with immediately.
Should these events have consequences on any other regions, only the agents in charge of the effected regions must replan their activities. Consequently, the system can much more rapidly react and adapt to the new situations. Instead of an off-line decision support system, using agents this support can be provided on-line.
With the increasing awareness of the importance and urgency of environmental considerations in traffic, more ecological traffic routing systems can be imagined. These systems may consist of a network of interconnected stationary and mobile measuring stations, vehicle electricity charging stations, prognosis systems and traffic routing centers. Such a system can be modelled as a multi-agent system where agents communicate and interact to reduce environmental damage.
Air Traffic
As compared to the other modes of traffic, information techniques have had a wider application in air traffic to attain more efficiency.
The tasks in Air Traffic Control (ATC) are geographically and functionally distributed. The airspace above the airport areas where take-off, landing and land maneuvers take place is distinguished from the area close to the airport where planes descend and ascend, and from the air terminals for different type of flights (e.g., domestic and international flights). The terminals are in turn divided into geographical sectors that are controlled and regulated by an autonomous controller. The airspace above an airport used for take-off, landing and land maneuver is also controlled by a separate system.
The geographical and functional distribution and the highly dynamic nature of ATC makes it an ideal candidate, with many potential applications that can be modelled with MAS. In addition to the controllers, there are other components that can be modelled as agents, for example aircraft, radar equipments, flight security system, airport information system, and luggage handling system. For example, in [5] an agent-based taxonomy is described in terms 8 of roles and capabilities (e.g. aircraft controller and security equipment) and in [6] the author further makes a task analysis of ATC regarding the information exchange necessary and the desired cooperation between the agents.
In ATC aircraft can also be modelled as agents who coordinate their activities with one another. This could be a significant improvement on the present systems were the air traffic is largely centrally controlled from the ground. Active cooperation would also enable automation of many currently uncontrolled areas of flight maneuvers (e.g. distance maintenance).
Examples of different applications of MAS to air traffic control can be found in [7] and [8] .
Rail Traffic
Majority of the present rail transporters run on a rigid schedule that often does not accurately reflect the transport demands. As a result in many occasions trains run empty over long routes, while at peak times they are over-loaded/over-crowded. With agent-oriented approaches one could realize a demand-oriented schedule, where the vehicles have a higher degree of autonomy and dynamically react to the transport requirements accordingly. Such an approach may first be simulated in order to investigate and test the necessary measures for an adequate infrastructure and in a later phase investigate and devise an appropriate model of vehicle autonomy.
With the increasing tendency in handing over various rail traffic services to private sectors (e.g., various privately owned companies offering rail transportation services over different networks, or parts of network over specific time periods) it is seen as necessary to shift from a largely centralized control of railway, goods traffic and commuter transport, into a more decentralized control. For example the control in the rail infrastructure (e.g., rail junctions) can be removed from the central systems controlling the infrastructure, to the individual trains operating on those networks. Such a distribution can be conceptually supported by applying agent-oriented techniques.
Capacity and Resource Management
Capacity and resource management is largely to do with provision of transport means based on demands, under the legal, economic, business and technical restrictions and criteria.
Such tasks can be seen in various organizations such as shippings and freight logistics, taxi firms, public transportations and airlines.
Capacity and resource management typically involves route planning, planning the schedule for unloading, waiting, loading and dispatching; and allocating the crew. Each of these tasks is in principle mathematically solvable and there are already many algorithms in Operations Research (OR) which efficiently optimize individual problems similar to those mentioned above. But these algorithms are successful when only one or very few criteria need to be considered (i.e., when they are aimed at optimizing specific problems). They prove to be very unsatisfactory when solving problems with dynamic restrictions, and when a combination of problems has to be optimized. This sections will give some examples of possible and existing applications of MAS in this domain.
Fleet Management
The existing fleet management systems for goods transportation are largely restricted to controlling on the level of representation and evaluation of costs and performance data in relation to single vehicles, by assigning and allocating routes, customer orders, drivers and the workshops. Active planning however, is not part of the controlling process in these systems. With a multi-agent architecture where some of these tasks are delegated and carried out by agents, as an integral part of the controlling process, agents could also carry out active planning. That is, by choosing and combining a fleet based on the incoming orders, such a system could serve to dynamically compute adequate fleet configurations.
Freight logistics is one part of fleet management which stresses on tour planning. Working through freight orders for shipment and logistics involves estimating if the fulfillment of the order is possible, scheduling the orders, allocating and provisioning transport and transfer capacity, collecting, loading and distributing goods, and finally storage allocation and store keeping.
Multi-agent systems can serve to improve the current techniques by better use of storage capacity, reducing the frequency of transporters riding unloaded over long routes, and still being able to optimize routes within the short planning time. Examples of systems demonstrating the applicability of MAS to this area have been described in [9] , [10] , [11] .
Air Traffic
Fleet management has also come to play an important role in business management for airlines. Airlines all over the world have large departments that only deal with fleet management problems. Currently this is done by two types of systems: (i) Aircraft management systems which plan the type of aircraft to operate over various routes for various transportation requirements and purposes, and the amount of time required by each aircraft on the ground (for refueling, inspections etc.), and (ii) flight scheduling systems which assign crews to aircraft and schedule the flights. The current systems produce a sequential plan for connecting flights, but are not capable of coupling the consequences of unexpected changes. In this respect, MAS approaches can help to improve the existing systems. Each agent can be responsible for part of the planning and scheduling and try to optimize its local plans according to the given constraints. Furthermore, because of the ability of agents to dynamically adapt their activities to unpredictable circumstances, upon unexpected changes in one schedule, those effected can collaboratively reschedule and adjust their part of the schedule. Consequently, an MAS approach can lead to a more adaptive flight planning and scheduling system. Some of the problems involved in this application are discussed in [12] and a multi-agent systems approach is proposed to solve some of these problems.
Shipment and Transfer at Airports and Harbors
In the recent years increasing effort is being put into optimizing airport capacities such as aircraft parking positions, gates, information rooms, and luggage collection stands. For this purpose, the airport management must develop a long-term scenario for capacity planning, construct seasonal pre-assignment models, or quickly react to plan changes in the business.
An additional problem here is the efficiency of the organization of the airport forefield traffic with about a dozen type of staff: police, customs, catering, fire brigades and so on. MAS offers an appropriate modelling and a basis for a simulation and planning tool. In the ESPRIT project IMAGINE a demonstrating example for the air catering domain was developed, in which the agents on the scenario represented airlines, aircraft, warehouses of catering firms, transport vehicles, a dispatcher and a ground traffic controller [13] .
There is an increasing shift towards transportation by ship containers, and consequently a new type of infrastructure is required. The allocation of containers to storage units, move-ment of transporters and scheduling of the storage operations are highly interrelated. In [14] for instance a knowledge-based system is described that will be installed in Singapore. Although there is some potential applications in this domain, so far, we are not aware of any reported MAS activities in this area.
In this section we briefly reviewed some of the potential areas in the traffic and transportation domain where benefits of applying AOT is very promising. The remainder of this article will describe the approaches and the results of two research projects at Daimler-Benz Research.
These projects are part of the activities aiming at exploring the possibilities and advantages of MAS approach in improving the existing systems, as well as, developing challenging new applications.
The Belief, Desire, Intention (BDI) Agent Architectural
The BDI architecture is a meta-level control mechanism for practical reasoning. Practical reasoning is the process of reasoning about actions in dynamic, unpredictable environments. The BDI architectural models an agent as having beliefs (a database of facts), desires (a set of tasks that an agent is in principle capable of accomplishing), plans (procedures that if executed successfully would each achieve a certain desired effect). We technically differentiate goals and intentions from desires and plans in that goals and intentions respectively represent the desires that an agent has chosen and committed to accomplish and the plans the agent has chosen and committed to execute in order to accomplish those goals, both under what the agent believes to be possible in a given situation. In other words, while desires and plans denote some static or permanent attitudes, goals and intentions denote the dynamic attitudes of an agent.
The underlying control mechanism is both event-driven and goal-driven, and can be in general described as follows: At any given time, an agent is executing a plan to achieve a certain goal. Plans post new (sub) goals for which new (sub) plans have to be selected and intended for execution. Occurrence of events denote changing circumstances that may violate the conditions necessary for executing the existing intentions or achieving the existing goals.
Therefore upon occurrance of new events, an agent may reconsider its current goals and intentions and if necessary adopt new goals in response to the changes denoted by the events. In this case, the execution of the existing intended plans will be interrupted and either suspended for later execution or terminated.
The reason for adopting a BDI architecture was that many of our applications demanded a model for better management in developing large and complex distributed systems, in addition to the crucial need for principles that enabled the system components to gracefully recover from the consequences of unpredictable states that result from the dynamics inherent in many such systems. In our experience, the BDI model provides a simple and general, yet very powerful mechanism to meet these requirements. There is a considerable amount of theoretical foundation that describes and analyses the interplay of these attitudes (mainly, beliefs, plans, desires, goals and intentions), and their role in practical reasoning is by now well-understood. Unlike many other agent architectures that have been developed based on some ad hoc principle, BDI agent architectures are based on the general concepts and principles extracted from the corresponding theoretical and experimental studies and analyses.
In our experience, this general model offers by far the best and the most powerful solution for interleaving of deliberative and reactive behaviours in practice (i.e., practical reasoning).
This model may not be appropriate for agents with little need for practical reasoning, however, since multi-agent systems are inherently dynamic, this model can be used as a metalevel control mechanism to introduce greater flexibility in monitoring and administering interactions with other agents, and this is basically how agents can adapt to the dynamics of the system (for more discussion see [3] ).
The existing development and execution environments for BDI agents that will be referred to later in this article, immensely reduce the task of managing and developing large and complex systems. Agent components can be described at a high level of abstraction 3 , yet the resulting systems are very efficient, and this is a very important criteria in the acceptability of AOT in practice. 3 . Basically using these tools, mainly only the plans of agents need to be described/encoded.
4 Agent-Oriented Traffic Simulation

Overview
One domain in which AOT can improve existing techniques is in microscopic traffic simulation. Increasing traffic volume urgently requires efficient solutions. Broadening roads or expanding the road network, neither offer a reasonable long-term solution nor are they always possible. Hence the capacity of road network must be increased by intelligent traffic flow and operational control systems. In this context traffic modeling and simulation techniques can be used to investigate and evaluate the alternative controlling strategies.
Traffic simulation models are classified into macroscopic and microscopic models. The hydrodynamic approach to model traffic flow is typical for macroscopic modeling. With this kind of approach one can only make statements about the global qualities of traffic flow. For observing the behavior of an individual vehicle a microscopic simulation is necessary. Because traffic cannot be seen as a purely mechanical system, a microscopic traffic simulation should also take into consideration the capabilities of human drivers (e.g., perception, intention, driving attitudes, etc.). A driver and a vehicle are jointly modelled as a driver-vehicle element.
Each driver-vehicle element may be seen as an autonomous and intelligent subsystem (i.e., an agent).
Enhancing the existing systems by agent capabilities, leads to a more adequate simulation approach. From a technical point of view, the advantages of the agent-oriented approach are (i) a high-level description of driver-vehicle behavior, which is easier to edit, change, modify and maintain, and (ii) the possibility to easily model explicit communication and coordination among vehicles.
The agent-oriented traffic simulation system presented here is based on a microscopic traffic simulation model of the Daimler-Benz Traffic Research [15] . This system has been implemented using the COSY modular agent architecture [16] and the multi-agent development environment DASEDIS [17] , developed by the MAS group of the Daimler-Benz knowledge based systems department. 
Agent Modelling
To implement the microscopic traffic simulation model in the DASEDIS environment, the driver-vehicle elements were modelled as agents. The modules of the agent architecture AC-TUATORS, SENSORS and MOTIVATION are traffic domain specific (see below). At the current stage of the project, the module COMMUNICATION is dormant.
As was described earlier, the COGNITION module controls and monitors the individual The simplest action simulated is 'driving' that at each interval computes the vehicle's next (x and y) coordinates and its velocity in that position. This is a default action that is executed if nothing important has changed in the environment. Whenever a state change occurs, depending on the change, a script is chosen as a response as will be demonstrated by the following examples. A decision for overtaking is also based on the driver's goal to reach or hold a desired speed.
The driver will only change the lane if he could improve his 'following' situation. The last step is simply the default 'driving' action. A more detailed description of the simulation model and the system described here can be found in [19] .
The Future
With the recent advances in telecommunications and provision of vehicles equipped with diverse 'telematics devices', the ability for vehicles to communicate and cooperate promises the modelling of radically new concepts in traffic. As a follow up to the scenario described above, we are currently working on simulating a priority junction. For this purpose the SEN-SORS must additionally evaluate the vehicle's position in relation to a traffic intersection.
Since there are no traffic lights to regulate the traffic flow, this simulation involves modelling how drivers perceive and chose the right moment to cross a junction. To resolve conflicting situations that may cause collisions or bring the traffic into a standstill, the agents communicate to coordinate their actions. Such a situation may arise when the driving directions of two vehicles are perpendicular to one another and both vehicles are equally in a position to cross the junction. By this we will realize a local, distributed traffic control strategy without using traffic light control hardware.
Cooperation of vehicles can improve certain measures in road traffic and consequently in- 
Simulation of Car Pooling Stations
Overview
Discouraging unnecessary trips or facilitating means by which trips can be more evenly distributed about the day, are some alternative suggestions for managing traffic volume. As part of our activities in developing applications for planning and decision making in the area of traffic organization, we are developing a car pooling simulation platform. Shared use of cars by several customers (commonly referred to as CarSharing or CarPooling) will become more and more attractive especially in city areas. The idea is to encourage car sharing by convincing users of the benefits they may gain by saving on the maintenance costs incurred when owning a car. Furthermore, customers will demand high quality customer support and service. Currently the existing CarSharing organizations provide cars that are not specially equipped for the particular requirements of a shared use [20] .
Among the issues of interest, the car pooling simulation platform is aimed at facilitating experimentation with different organizational structures, composition of fleet, and technical equipment of cars of car pooling stations. The ultimate goal of these experiments is on one hand to optimize the costs of running the stations and on the other hand provide an agreeable system in terms of user benefits and contentment.
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The scenario that will be described here, has been modelled as a multi-agent systems and developed using the dMARS multi-agent development environment [21] .
In our first experimental simulation model there are two types of agents characterized: customer and station (see figure 6) . The system models and simulates the booking of cars by customers, and the management of cars at stations. Every pooling station has a given number of different car types (car types are distinguished by their type of engine and their dimensions). The simulation system makes use of statistical investigations on customer commuting choices in different areas and their commuting patterns over some time periods (e.g., a week). These provide information such as the frequency of using cars, commuting time intervals and the choice of cars used by different type of customers. Based on this data customers are divided into different customer groups and further into different customer types. Depending on the structure and the size of these groups we can estimate the type and the number of cars appropriate for a car pooling station in a given area.
The pattern of commuting is structured into a timetable (as shown in figure 6 ). When the simulation system is initiated, each customer agent provides its timetable to the additional timeta- 
Using Generic Cooperation Protocols for Car Booking Dialogues
The booking negotiation between customers and the station requires an expressive representation and a control mechanism for successful dialogues. The technical execution of the dialogue for this negotiation was realized by using generic cooperation protocols as published in [4] . These protocols represent communicative actions of both dialogue participants By using the parameters of the message content, the pooling station will look into the vehicles schedule, for an appropriate vehicle which is "free" within the requested $time_interval.
Based on this result, the station will make one of the three responses (see figure 7 ): (i) if the desired $car_type is free within the requested $time_interval, the order will be considered as possible and offered to the customer (using an Offering protocol, figure 8 ), (ii) if all the cars of desired type are occupied within the requested $time_interval but a similar type of car is free within that period, booking of this car type will be proposed (using the Proposing protocol, figure 10 ), (iii) if neither the $car_type requested nor a similar one can be offered for the requested $time_interval the order will be rejected (using an Informing protocol, figure 9 ).
When a customer agent receives an offer as a response to its request, it could either accept the offer (using an Informing protocol, with ACCEPT message type 5 , including it's desired booking period), or reject the offer (using an Informing protocol, with REJECT message type).
This would allow the customer to either make a booking now or simply gather information about availability of cars and if needed, only later make a request to actually book the car. 4 . A requested $time_interval is a list consisting of a start and an end time, which denotes a time period within which the customer would later (after negotiation) choose an exact booking time period, when accepting an offer (see later).
5. An Informing protocol is used to provide information to the receiver, and it can be specialized by specific message types to indicate the nature of the information. An informing protocol is considered as a leaf node, since it does not require a response. duce data for our assessment and analysis. The system keeps a record of unfulfilled requests at each run and this data is used to evaluate the success rate of the service experimented with.
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At first the system presented above was conceived as a simulation system and presently it is used to model different organizational forms of car pooling stations, diverse customer requirements, and vehicle equipments. By introducing some minor modifications, we believe the system would also be suitable for actually automating the management and control of the operation of a car pooling organization. This is an important direction in our future work.
Conclusion and Outlook
Agent-oriented techniques provide a new but improved approach to software development.
They provide a set of tools and techniques particularly suited to domains that are functionally or geographically distributed into autonomous subsystems, where the subsystems exist in a dynamic environment, and where the subsystems have to interact more flexibly. AOT reduce the complexity in systems design by making available abstraction levels that lend themselves to a more natural way of modelling the problem domain. They enhance the robustness and adaptivity of systems by virtue of increasing the autonomy of subsystems and their selforganization. The range of applications that can be adequately modelled by AOT and MAS is perceivably broad.
This article promoted the fact that many areas in traffic and transportation domain exhibit the sort of characteristics AOT are aimed for: subsystems are geographically and functionally distributed, traffic and transportation is by nature highly dynamic, and much more flexibility is demanded of the existing systems. Agent-oriented techniques as a new advance in information technology provide appropriate set of tools and techniques for making traffic and transportation more efficient, resource-saving and ecological. In this article we presented a diverse range of possible applications of MAS in this domain, in particular, integrated intelligent traffic management, enhanced traffic guidance and control systems and improved capacity and resource management.
The MAS applications we are currently developing in this domain are mainly used for simulation and experimentation purposes. Agent-oriented tools and development environments 25 like DASEDIS [17] and dMARS [21] facilitate rapid prototyping of systems. They provide a natural modularization of the system in terms of agents that can be executed concurrently or even distributed among different machines. In terms of implementation, they provide abstraction levels such as scripts (or plans) and cooperation protocols that can be conveniently developed, modified and enhanced. In fact the major part of implementation of a system is only a matter of devising appropriate plans and protocols, taking the underlying execution of agents and their components for granted.
The applications described here are still in the state of research. We are convinced that these simulative applications are a prerequisite and a first step in the direction of sophisticated distributed real world applications in this domain. We see a growing interest and an increasing technological support to use MAS in such applications. There is a large amount of activity in equipping vehicles (being cars, trucks, trains, etc.) with ever more powerful hardware, with mobile communication devices and with diverse range of intelligent systems. The design and programming of these systems can benefit from the techniques developed in the agent-oriented paradigm, not only to make the systems more autonomous, but enable them to interact and cooperate with one another in order to increase their capabilities and enhance their performance.
